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Abstract 
Many CCS research projects are confined to lab or pilot scale, others restrict themselves to one or two fields of interest such as 
capture or storage. The first Dutch national R&D programme on CCS (CATO) and its successor CATO2 have been organized as 
integrated, demand-driven research programmes with a clear focus on the support of pilot projects and demonstration projects at
industrial scale in addition to fundamental research.  
The integration in CATO-2 provided additional value to our stakeholders. Such value creation is most prominent within the 
context of large integrated demonstration projects such as the ROAD project but is evident in most of our fundamental work too.
This paper provides a brief overview of the results obtained in the CATO-2 programme in the past five year with a focus on the 
value of integration. 
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1. Introduction 
Many CCS research projects are confined to lab or pilot scale, others restrict themselves to one or two fields of 
interest such as capture or storage. Whereas initial research efforts in the Netherlands (1990-2004) primarily 
concerned confined studies, the first national R&D programme on CCS (CATO) and its successor CATO2 have 
been organized as integrated, demand-driven research programmes with a clear focus on the support of pilot projects 
and demonstration projects at industrial scale in addition to fundamental research. The CATO2 programme involves 
participation of some 40 partners and has a total budget of over $80 million (see table 1).  
Table 1. CATO-2 Key figures. 
We argue that the integration of capture, transport, storage, legal and system issues and public perception 
provides additional value to our stakeholders. However, such value creation is most prominent within the context of 
large integrated demonstration projects such as the ROAD  project (Rotterdam Capture and Storage Demo). 
Contributions made by CATO to ROAD have taken away both technical and regulatory barriers and include:
• detailed static and dynamic characterization of the P18 storage system leading to the first storage permit 
granted under the European Storage Directive; 
• the ability to avoid freezing of injection wells by providing insight into the phase behaviour of subsurface 
CO2 at the variations in speed of supply of CO2 that are to be expected;  
• the ability to constrain and optimize pressure, volume and temperature conditions for the full chain from 
capture to transport to storage; 
• the combined application of lab experiments and geomechanical modelling that demonstrates that faults and 
cap-rock will generally remain stable during CO2 storage operations in de-pressurized gasfields such as 
P18; 
• a knowledge base related to large scale CO2 capture, both by process modelling (capture plant, power plant 
and integration aspects) and by laboratory and pilot scale experiments;  
• overall ecotoxic testing supports the safety of CCS solvents and their nitrosamine degradation products; 
• communication strategies to the public and the media. 
Although integration was at the basis of both CATO programmes, we claim that this does not necessarily hamper 
progress within  the individual fields of CCS. CATO has addressed these individual fields within its sub-
programmes on Capture, Transport & chain integration,  Storage & monitoring, Regulation & safety, and Public 
perception. Significant progress has been seen in each of these fields.
Type of R&D Fundamental and Applied 
Funding 65 M€ (50% government) 
Duration 2009-2014 
Partners > 40 Partners from industry, 
SME, university, NGO 
Output > 1000 papers and 
deliverables,  40 PhD thesis 
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2. Capture 
Costs are seen as the main barrier for capture. Current state of the art capture and storage technology is expected 
to increase production prices at power plants by 35-80% [1]. CATO has successfully decreased costs for existing 
pilot and demonstration phase technologies by developing further and integrating the solvents, sorbents, and 
subsystems. We  see breakthrough technology development with respect to e.g.: Carbonic Anhydrase, ‘DECAB 
processes’ and ‘pH-swing processes’ with an average cost reduction of around 20%. 
Health, safety and environment issues related to capture have been recognized as an additional barrier for the 
successful deployment of CCS. In particular the costs involved in countermeasures and the toxicity and eco-toxicity 
of CO2 and its by-products have been addressed in detail.  
3. CO2 transport & chain integration 
Various research questions were identified in this field. They relate to e.g., optimum design of entire CCS chains, 
the impact of CO2 quality (impurities) and the relation between CO2 leakage and potential damage.  
• Experiments have provided data for the validation of safety models regarding outflow of pipelines. 
• A new equation of state has been developed showing the effect of impurities in the CO2 inflow in transport 
pipelines.  
• New insights were gained into the effectiveness of industry CCS clusters.  
• Roadmaps and Implementation Plans were developed to support the further development of CCS in the 
Netherlands.  
4. Storage & monitoring 
In order for CO2 Storage to become a viable option costs need to be reduced and investment uncertainties need to 
be minimized. Furthermore public and political confidence need to increase. 
• Major steps have been made in our knowledge of subsurface geomechanical processes. In particular on the 
short term (10-100 years), CO2 will not have any significant influence on the mechanical behaviour of 
faults and caprocks with similar composition to those found in the P18-fields or similar Bunter gas fields. 
Experiments indicate that faults, if reactivated, should slip aseismically both before and after the addition 
of CO2. 
• New models have been developed and partially verified by lab experiments regarding the factors 
influencing well integrity. 
• A new, promising monitoring technique is the use of new active InSar responders to assess the feasibility of 
using active radar transponders.  
• Experimental validation of geophysical monitoring techniques (seismic, geo-electrical, EM) for pressure 
and saturation monitoring can potentially lead to a significant reduction of monitoring costs. 
• A tool has been developed for continuous characterization of the site while injecting CO2, by integrating 
monitoring results with modelling results. 
5. Regulation & safety 
Regarding regulations and safety research barriers were defined regarding  e.g., liabilities and permitting 
procedures. 
• The uncertain legal situation around liabilities of storage, which was also very relevant for the ROAD 
project, has been solved.  
• Another barrier was that Dutch law prohibits the combination of enhanced oil or gas recovery with CCS. 
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Amendments have been made to these laws.  
• A transport regulation design tool was developed for policy makers and operators. Furthermore, a 
permitting decision tree was developed that assist permitting procedures. 
• Tools have been developed for the analysis of the environmental performance of CCS chains and validation 
of safety models and quantification of risks.  
• A monitoring planning tool enables policy makers and operators to assess and plan the monitoring of a 
storage site.  
6. Public perception 
Research barriers recognized relate to e.g., delays or cancellation of projects due to public protest and a lack of 
basic knowledge of our energy system among the general public. 
• CATO2 has delivered insight into the factors that drive the effectiveness of compensation that is relevant 
for all current and future implementation of technologies with potential impact on people’s living 
environment.  
• We have also gained knowledge about common misconceptions of climate change and CCS issues that is 
helpful in designing effective communication interventions.  
• Framing research has taught us how to avoid resistance and damage to the image of the organization when 
communicating about CCS.  
• Learning from past experiences has also taken place. The decision making process about onshore CCS in 
the Netherlands  has been analyzed with the stakeholders to understand the factors that impacted local 
decision.  
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